Abstract
Introduction
Significant plasticity depending on loading and regenerative capability after mechanical injury are extensively studied features of skeletal muscle. Skeletal muscle interstitium (stroma) seems to play a crucial role in the regulation of these processes [1] [2] [3] [4] . A subset of cells, named 'satellite cells', located between the basal lamina and sarcolemma is believed to be the precursor of skeletal muscle fibres, which are able to proliferate, differentiate and migrate after muscular injury [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, the challenge of using muscle progenitor cells for skeletal muscle reconstruction in animal models or humans has not been solved to date, mainly because of scarce graft cell survival, explained by lack of adequate paracrine factors, tissue guidance and blood vessel scaffold [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . Noteworthy, the microRNA expression (e.g. miR-193) clearly differentiate TCs from other stromal cells, at least in myocardium [57] .
We previously demonstrated in a variety of cavitary and noncavitary organs [30, 32] a peculiar type of interstitial cells that we named telocytes (TCs), replacing the former name Interstitial Cajal-Like Cells (ICLCs). Although both types of cells, TCs and ICLCs, initially seemed similar, in fact they are completely different, not only semantically. We have shown, by electron microscopy, the existence of TCs in epi-, myo-and endocardium, where TCs appeared in tandem with resident or migrated stem cells, forming together the so-called cardiac stem-cell niches [31, 33-40]. TCs have a small cell body and specific (unique) prolongations that we named telopodes (Tps). Tps are characterized by (a) number (1-5/cell, frequently 2 or 3); (b) length (tens up to hundreds of micrometeres); (c) moniliform aspect-an alternation of thin segments, podomeres (with calibre under 200 nm, below the resolving power of light microscopy) and dilated segments, podoms, which accommodate mitochondria, (rough) endoplasmic-reticulum and caveolae and (d) dichotomous branching pattern forming a 3D labyrinthine network. Significantly, TCs (especially Tps) release shed vesicles and exosomes, sending macromolecular signals to neighbour cells, thus modifying their transcriptional activity, eventually. TCs concept was quickly adopted by other laboratories
Here we present, unequivocally, visual evidence for the presence of TCs within the skeletal muscle interstitial spaces of mammals (humans and rodents). We suggest that TCs might be key players in skeletal muscle regeneration/repair.
Materials and methods

Tissue samples
Rat skeletal muscle samples were obtained from three 6- 
Results
Electron microscopy
Electron microscopy showed that TCs (Figs 1-7) were present in skeletal muscle interstitium in both human (Figs 1-7) and rat (Figs 2-3 Fig. 4A ), puncta adhaerentia ( Fig. 4B ) and small electron dense structures (Fig. 4) . Electron microscopy of striated muscle showed as well that TCs are often located in the close vicinity of satellite cells (Fig. 6 ), striated cells with regenerative features (Fig. 6, inset 
3E). The Tps had a narrow emergence from the cellular body (Figs 1 and 2B) and were extremely long (45-90 m) and sinuous (Figs 2C and 3B). The moniliform aspect of Tps was because of the uneven calibre (Figs 1-3) and the irregular alternation of podomeres, thin (40-100 nm) segments, with podoms, dilatations (150-500 nm) containing mitochondria, endoplasmic reticulum and caveolae (Figs 1, 3, 5 and 6). This typical aspect enable the recognition of segments of Tps, which appeared separated from TCs cellular body as a result of specimen sectioning (Figs 2A, 3C and E and 6). TCs often extended their Tps between small folds in the periphery of muscle-striated cells (Fig. 3C and D). Shed vesicles and exosomes were found in the vicinity of Tps (Figs 2, 3 and 5). Tps were interconnected by different types of junctions: manubria adhaerentia (
Cell explants
When a small piece of muscle was placed in a Petri dish, after 3 days, spindle-shaped cells emerged from the explant and started to build an extensive cellular network around the original tissue fragment (Fig. 10) . Most of the migrated explant cells corresponded to TC morphological profile, with long, thin and moniliform Tps (Fig. 10) . Indeed, these cells appeared c-kit positive (Fig. 11) . (Fig. 12) .
The dilations along Tps, called podoms, accommodate many mitochondria as shown by fluorescent labelling of living cells with
Fig. 1 Telocyte (TC) in human skeletal muscle interstitium: two striated fibres and a blood capillary (transmission electron microscopy). Cellular body of TC (digitally coloured in blue) has a thin layer of cytoplasm with few mitochondria (m) around nucleus. Telopodes (Tps) have a narrow emergence (arrows) from cellular body. Tps have a sinuous trajectory, podomeres (extremely thin segments, below the resolving power of light microscopy) and podoms (dilated portions). coll: collagen fibres.
Fig. 2 Human TC (A, B) and rat TC (C) in skeletal muscle interstitum. Shed vesicles (purple, arrows) can be seen in the vicinity of telopodes. Tps are characteristic thin cellular prolongations that increase telocytes length (A: 45 m, B: -61 m). Tps show podomeres (about 40 nm thickness) alternating with podoms (dilations of about 400 nm wide). N: nucleus.
Fig. 3 Ultrastructural features of Tps in rat (A) and human (B-D) striated muscle. (A) One Tp in between a blood capillary and two striated muscle fibres (m, mitochondria). (B) Details of a podom, which accommodates mitochondria (m), endoplasmic reticulum (ER) and caveolae (black arrows). (C, D)
Such cells strongly expressed c-kit both on cell body and Tps (Fig. 11) and had mitochondria concentrated around the cell nucleus and within the podoms (Fig. 12) . These cultured cells were all Pax-7 negative (data not shown).
Discussion
The components of skeletal muscle interstitium take part in regulation of blood flow and metabolism, myocyte plasticity and regeneration [60] . Considering that both tissue formation and myocyte adaptation are guided by refined cell contacts and molecular interactions [61] 
Fig. 7 Electron micrographs of human skeletal muscle show a TC (blue coloured), which extends its Tps indicated by red arrows around a striated cell, in fact a (putative) progenitor cell. Note: the tandem TC-progenitor cell making a non-satellite (resident) progenitor stem cell niche. Inset: Higher magnification of the progenitor cell shows incompletely differentiated features: unorganized myofilaments (mf), glycogen deposits (Gly), prominent Golgi complex (G). N: nucleus; nc: nucleolus.
TC network and contacts
By TEM, we were able to identify in the interstitium, among striated muscle fibres, typical very long and thin Tps, with moniliform appearance, in close vicinity of capillaries, nerve endings, satellite cells or even cells with regenerative aspects. We also showed that Tps are able to form cellular junctions, which suggest that TCs are organized in a 3D interstitial network. TCs followed the same arrangement pattern in cell cultures, where they formed in vitro networks after a remarkable migration from tissue explants. This peculiar migrating capacity, which differentiates TCs from other skeletal muscle tissue cell types, might be of importance for guidance of progenitor cells in muscle development and repair processes.
The muscle tissue immunohistochemistry experiments confirmed the presence of cells expressing typical TC protein markers, such as c-kit, caveolin-1 and vimentin [38], in the muscle interstitium. Even though both quiescent and activated satellite cells might express caveolin-1 as well [63], their clear different location, adherent to the sarcolemma, avoids the confusion with TCs.
By TEM, we showed evidence of shed vesicles and exosomes originating from Tps and immunohistochemistry proved that TCs express VEGF, in agreement with our previous observation in rat myocardium [59] . TCs might be involved in other signalling pathways as well, such as Wnt and Notch, involved in satellite cell fate regulation [64] [65] [66] . 
TCs and skeletal muscle stem cells
Muscle satellite cells constitute a reservoir of muscle progenitors, which can both self-renew and, under proper stimulation, differentiate and migrate to replace functional myocytes [1, 67] . However, a non-satellite, interstitial myogenic cell niche has been recently demonstrated as well [68] , and even other cell types, such as bone marrow stem cells or pericytes, were suggested to have a myogenic potential under controlled conditions [69] [70] [71] 
immunohistochemistry with HRP conjugated antibodies on cryosections (A, B, E, H) and immunofluorescence-confocal microscopy (C, D). TCs are located within interstitium, and express c-kit (A-D), caveolin-1 (E), vimentin (F) and VEGF (G). TCs were also revealed by methylene blue vital staining (H). In C and D, TCs are identified by c-kit expression (green), the basal lamina by laminin expression (red) and nuclei are stained with DAPI (blue). Original magnification 1000ϫ.
